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Outline

A Benchmark Studies with NIMROD, JOREK

A ITER 2D VDE Studies with halo region

A ITER 3D VDE Studies (preliminary)



Outline

A Benchmark Studies with NIMROD, JOREK



Benchmark Geometry
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A Start with NSTX equilibrium
plasma from a geqdsk

A Replace NSTX vacuum vessel
with rectangular vessel that
all codes can handle

A Shown on the left is
unstructured mesh used In
M3D-C1

A M3D-C1 has 3egions in
which different equations are
solved:

A Plasma Region (MHD)

A Wwall Region (E k& J)
A Vacuum Region (J=0)



growth rate (amplitude) [1/5]

Linear2D Benchmariv3D-C, NIMROD & JOREK
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Growth rate as a function of
wall resistivity for M3BC1 and
JOREistarwall

Growth rate as a function of wall
resistivity for M3BC1 and
NIMROD. Results agree to 11%.
(better at low wall resistivity)



Nonlinear 2D Benchmark M30' & JOREK (1)
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(a) Flux contours when plasma first touches wall (M3D)
(b) Flux contours near end of M3D1 VDE simulation.

(c) Time traces of Thermal Energy in both MGD and JOREK
(note TQ is induced by sudden increase in thermal conductksidy (7



Nonlinear Benchmark M3f¢* & JOREK (2)
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(a) Z-position of magnetic axis (d) Toroidal current within LCFS
(b) Rposition of magnetic axis (e) Net toroidal wall current
(c) Toroidal current within vessel (f) Halo current density vs wall position

whenZaxis=1.23 m 8



Outline

A ITER 2D VDE Studies with halo region



2D nonlinear ITER VDE simulation

Based on standard 5.3 T/ 15 MA I'EE&nhario

Usedrealistic parametersor wall resistivity plasma
resistivity plasma mass(no scaling: 250,0QQ!!)

2Dbenchmark withCarMaONIn progre 3

vy with ITER first wall as resistive wall
y" with first wall as boundary & vessel wall as resistiad )

Coupling M3BC! & CARIDDI (3D conducting structuresy

y 2D M3DC simulations (in progress) .
y 3D M3DC simulations (planned)

/p/m3dcl/nferrarod/data/test/mesh/iter _mesh 10



Poloidal unstructured mesh used in ITER calculation
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Closeup of Plasma Region

Full Mesh



L/R time from simulation without plasma
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A Simulation with constant loop
voltage applied at t=0 & no plasma

A Wall resistivity adjusted to give
correct L/R time
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Simulation time: 1,100,000, 12



2D nonlinear ITER VDE simulation with single wall
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Equilibrium (t=0ms)  Wwall contact (t=379) TQ (t=63n9g) Max Force (t=6@s)
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Dependence of postQT_eon Thermal ConductivityA(
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To initiate Thermal Quench (TQ) we suddenly incré&ade a large value
A .025,.05,0.1,0.15 (dimensionless internal units)
A Larger values lead to lower pesQ temperature€ faster CQ

A Changind in this way has only small effect on opgeld-line temperatur?4



Effect of varyingkon plasma motion& forces
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A Slower upward motion and larger vertical forces for stkgHighTe)
A Only small dependence of maximum halo current magnitud& on
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Dependence of postQT, on kprofile
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A Comparek constant, increasing or decreasingn radius
A k decreasingn radius leads to largedt on open field line€ halo current



Effectof kA profile on plasma motion & forces

40 ' ' ' 2
(b)
=2 <15}
=35} =
—_ Q ®
E 5 5 4
£ L &)
N i fe)
£330 e
= =0.5}
2
1-5 [ [ [ 25 [ 1 [ D, [ [ [
0.64 0.66 0.68 0.7 0.64 0.66 0.68 0.7 0.64 0.66 0.68 0.7
time (s) time (s) time (s)

Ak decreasingwith radius leads to slower drift, larger halo current
A Total vertical force largely unaffected
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Dependence of postQT, on T, boundary value
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A Compared boundary values dfeV, 3 e\, and10 eV

A Note: 3 eVcase also hall decreasingwith radius



Effect of T, BCon plasma motion & forces
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A Case withl0 eV BC and flék also leads to slower growth and more halo current
A Raising edgd, BCand has similar effect dsdecreasing with radius
A T, BC has little effect on net vertical force
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